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ABSTRACT
The objective of this study was to spatially analyze the attributes of three
subwatersheds, Hydrological Unit Code 12 (HUC 12), of the Middle Smoky Hill River
Watershed in west-central Kansas and relate the variances of the attributes to the
concentrations of total suspended solids (TSS) entering the Smoky Hill River during
storm events. This was accomplished by comparing land cover, including cropland,
grassland, and urban factors; agricultural practices, such as tillage methods, condition of
terraces, and the presence of grass waterways; geomorphology, including soil types,
topography, and visible erosion; and lastly, precipitation variance. The three HUC 12s
that were studied were Buffalo Creek, Landon Creek, and Oak Creek. Cumulative results
found that when statistically ranking characteristics of the HUCs from most to least
desired, the mean rank of Buffalo Creek was 1.6, which was statistically lower (t = -2.51)
than Oak Creek with a mean rank of 2.2, which was statistically equal (t = -0.11) to
Landon Creek with a mean rank of 2.2. Therefore, out of the three watersheds, Buffalo
Creek contained the most desired attributes that minimized erosion. According to the
statistics in this study, the primary determining factors as to the increased TSS
concentrations for Landon and Oak Creek are an increase in the number of fields with
visible erosion, increase in population density, increased amount of impervious surface,
and a greater proportional area of highly erodible soils.
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INTRODUCTION
The Environmental Protection Agency has maintained that sediment is the largest
non-point source pollutant in our streams (EPA, 2004). This position is a reiteration of a
declaration from the 74th Congress, which declared soil erosion a “national menace” and
created the Soil Conservation Service in the spring of 1935 (McVay, Devlin, & Neel,
2005). Once sediment enters a stream system, the most likely deposition point is the lake
or reservoir at the end of the system. Reservoirs, which were initially designed for flood
control by the Army Corps of Engineers, have become settling basins for sediment in
Kansas. Built in the early to mid 20th century, these structures were designed for 100 to
200 years of service (deNoyelles & Jakubauskas, 2008). However, with sediment filling
the storage capacity, the 300,000 acres of reservoirs in the state are decreasing at an
unexpected rate.
Construction of Kanopolis Reservoir, located at the end of the Middle Smoky Hill
River Watershed in central Kansas, began in 1940 making it the oldest reservoir in the
state (Baker & deNoyelles, 2008). In 2008, deNoyelles and Jakubauskas reported that
over 40% of the municipal water pool of Kanopolis had been lost to the influx of
sediment. In addition, the Kansas Water Office projects sediment storage will be filled
by 2077 with a current annual sedimentation rate of 351 acre-feet per year (KWO, 2010).
Reduction of water for consumption is one of the most pressing implications of
reservoirs filling with sediment, as 60% of Kansans receive some portion of their water
supply from a reservoir or lake (deNoyelles & Jakubauskas, 2008). Other implications of
sediment-filled reservoirs include reduced flood control, loss of recreation, reduced
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irrigation, wetland habitat impairment, eutrophication, increased water costs for power
plants and city municipalities, and economic losses for the surrounding area (Huggins,
Everhart, Dzialowski, Driz, & Baker 2008; Baker & deNoyelles, 2008; Williams &
Smith, 2008). In 2008, Williams and Smith reported on a study that priced the economic
loss to an area due to sedimentation at $0.49 per ton of sediment. This model accounts
for a reduction in recreation revenue to the area as well as increased costs to
municipalities to deliver quality potable water. When the model is applied to Kanopolis
with data from the 2007 bathymetric survey and a sediment density factor of 50 lbs/ft3,
the surrounding area has lost over $11.4 million since 1948 (KWO, 2010; KBS, 2009;
Mau & Christensen, 2000).
Options in dealing with sediment filled reservoirs are to control sediment inflow,
decommission the reservoir, expand the dam, and dredge the reservoir (Townsend,
Nelson, Goard, & Presley, 2008). In order to increase the capacity, expensive land
acquisitions would have to occur due to development around the reservoirs. Likewise,
decommissioning a reservoir is an expensive process that was not adequately planned for
with the authorization of construction. As for dredging, deNoyelles & Jakubauskas
(2008) reported the average cost to dredge a 7,000 acre reservoir was over one billion
dollars. The only financially feasible solution is to control the input of sediment.
The objective of this study was to spatially analyze the attributes of three
subwatersheds, Hydrological Unit Code 12 (HUC 12), of the Middle Smoky Hill River
Watershed and relate the variances of the attributes to the concentrations of total
suspended solids entering the Smoky Hill River. This was accomplished by comparing
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land use, including cropland, grassland, and urban factors; agriculture practices, such as
tillage methods, condition of terraces, and the presence of grass waterways; land
formation, including soil properties, topography, and visible erosion; and lastly,
precipitation. The hypothesis was that the control HUC would contain the most desired
erosion reducing attributes of the three subwatersheds.
BASIC PRINCIPALS
Tillage Methods — The expected most influential variable within this study was the
method of cropland tillage producers used. Tillage is defined as mechanically altering
the soil structure (NRCS, 2008). For this study three types of tillage were examined:
conventional till, minimum till (reduced till), and no-till. The type of tillage was defined
as 0-15%, 15-30%, and greater than 30% residue respectively. As defined by the Iowa
Natural Resources Conservation Service (NRCS), residue is the remaining debris from
the previous crop (NRCS, 2008). Benefits of no-till tillage include an increase in organic
soil matter, surface soil porosity, and soil surface infiltration rates (Devlin & Barnes,
2009). Devlin and Barnes also reported that in a four-year study at the Kansas State
University Agricultural Research Center in Garden City, Kansas, a wheat-fallow crop
rotation more than doubled the soil moisture with the use of a no-till system compared to
conventional till.
Producers have a variety of beliefs on how tillage affects yields, which impacts
the method which they implement. In one study, Jones and Popham (1997) found that a
wheat-fallow rotation and continuous wheat both produced a higher yield using no-till
greater than or equal to 50% of the time. Conversely in 1975, Thompson (2001) began a
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24-year study at the Kansas State University Agricultural Research Center in Hays,
Kansas to identify the effects of tillage on yield production and the depth of soil water for
five crop rotations. Thompson’s results stated that the effects of tillage on yield
production were only significant for grain sorghum.
Suspended Sediment — The term suspended sediment refers to sediment particles that
have not settled to the bottom of a stream channel, lake, or reservoir for a considerable
period of time. The presence of sediment is a natural phenomena (Huggins et al., 2008;
Devlin & Barnes, 2008), which acts as a delivery vehicle for other pollutants such as
phosphorus and pesticides (Williams & Smith, 2008). When stream velocity slows,
sedimentation and deposition occur (Devlin & Barnes, 2009). Sedimentation and
deposition within streams are the act of sediment settling from the water column
(Huggins et al., 2008). Total suspended solids (TSS), as the name implies, is the amount
of all solids that are balanced within the water column which is measured in milligrams
per liter (mg/L). TSS increases the turbidity or cloudiness of the stream, which in turn
reduces light penetration, inhibiting photosynthesis thus leading to the inability to sustain
aquatic vegetation.
Erosion by Water— Water erosion is a process defined as the detachment of soil
particles from the soil surface (Dickey, Harlan, Vokal, & Kisling-Crouch, 1982). Runoff,
which is the excess water from a storm event that is not absorbed by the landscape or
evaporated, is the cause of most water erosion. There are three major categories of water
erosion: sheet and rill erosion, ephemeral gully erosion, and classic gully erosion.
According to Devlin and Barnes (2008), sheet and rill erosion results in the removal of a
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thin, uniform layer of soil by precipitation creating an erosion plane (sheet) or small
channel (rill). If sheet and rill erosion persist, runoff will concentrate in the rills to form
ephemeral gullies. The NRCS defines an ephemeral gully as a channel that does not
inhibit farming (NRCS, 2006). However if the erosion issues are not adequately
addressed, the ephemeral gully will progress into a classic gully, which will inhibit
agricultural production within the channel and provide a difficult environment for the
establishment of vegetation. Factors that affect erosion rates are precipitation, soil
permeability, slope of the land, and land use (deNoyelles & Jakubauskas, 2008).
PREVIOUS RESEARCH
Effects of Tillage — In 2006 Yates, Bailey, and Schwindt completed a tillage survey and
implemented stream monitoring sites along the Tames River in order to measure the
effects tillage had on the stream ecosystem. The streams were sampled for nitrogen,
phosphorus, carbon, and TSS. The results of this study indicated that as TSS and
phosphorus decreased, nitrates increased. Additionally, it was observed that as the
number of no-till acres increased, TSS values decreased. Likewise, Devlin & Barnes
(2009) reported a decrease of sediment loss from 10.7 tons acre-1 to 0.2 tons acre-1 by
switching from conventional tillage to no-till in northeast Kansas.
In Germany, Tebrügge and Düring (1999) studied the long-term effects of tillage.
Their simulated rainfall study found that no-till fields yielded 24 mm of runoff while
conventional till yielded 39 mm of runoff. Similarly, the amount of sediment loss was
64 kg ha-1 and 900 kg ha-1 respectively. Likewise in Finland, Koskiaho et al. (2002)
documented that a no-till field yielded 91 mm of surface runoff annually from 1993 to
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2005 while a conventionally tilled field yielded 114 mm of surface runoff. Koskiaho et
al. also found that in the same fields from 1993 to 1994, 479 kg ha-1 of soil eroded from
the conventionally tilled field while the no-till field yielded a soil loss of 160 kg ha-1.
Koshiaho et al. attributed the difference to crop residue, which reduced the energy of the
precipitation and an increase in soil aggregates, which increased stability.
Effects of Best Management Practices — A Geographic Information System (GIS)
model was used by McVay et al. (2005) to quantify the effects agricultural practices had
on the sediment load in the Little Blue River watershed of northeast Kansas and southcentral Nebraska. The results from the model revealed that over a 22-year period,
terraces reduced the amount of sediment 89.4% for a conventionally tilled field and
20.6% for a no-till field. Terracing has been used as a proven practice since the 18th
century in order to control erosion and surface runoff (Baryla & Pierzgalski, 2008). The
control is obtained by reducing the length of the slope, the speed of the runoff, and by
trapping and settling contaminates within the terrace channel (Baryla & Pierzalski, 2008).
Grass waterways are another feature designed to reduce sediment in streams.
This is accomplished by slowing excess runoff and allowing deposition via grass stands
to occur within the waterway, which can reduce sediment loss by 15-20% (Devlin &
Barnes, 2008). In a three-year study on the construction of terraces and grass waterways,
Chow, Rees, & Daigle (1999) reported that soil loss could be reduced 20 times by the
construction of grass waterways. Chow et al. states the reasons for constructing terraces
and grass waterways are to prevent overland flow, create temporary storage for runoff
infiltration, and to encourage contour farming.
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Effects of Land Use — As known by river ecologists, rivers and streams are influenced
by the landscape through which they flow (Allan, 2004). Relative to agricultural land
use, Allan’s literature review found that studies have documented water quality issues
paralleling the growth of agriculture production (Cooper, 1993; Osborne & Wiley, 1988).
This can be attributed to an increase in the disturbance of soil and application of
agricultural chemicals such as pesticides, herbicides, and fertilizers. Allan also reported
that sediment increased as agricultural land use increased in the Chattahoochee Basin of
Georgia.
Agriculture, however, is not the only land use that contributes sediment to our
rivers and streams. Urban erosion, which can exceed agricultural erosion in some areas,
is affected by the quantity of impervious surface which enhances runoff carrying
contaminates and by increasing the speed and energy of the runoff when it reaches a
pervious surface (Allan, 2004).
Supporting Allan’s review, Ahearn et al. (2005) studied effects of land use on
water quality, specifically TSS. Ahearn et al. reported the most influential factors for
TSS include percent agriculture and urban land, as well as topography. Additionally,
Ahearn et al. included population density within his study and found that as population
density increased, TSS increased. Ahearn et al. concluded that agricultural land use and
population density have similar effects on TSS concentration loads.
Effects of Rangeland Management — There are many rangeland attributes that affect
water quality. In 1980 and 1981 McCalla, Blackburn, and Merrill (1984) completed a
study on the effects of grazing intensity and precipitation infiltration on rangeland. The

8
study reported that livestock grazing intensity alters infiltration by removing foliage
density via consumption and trampling which exposes bare ground. The amount of
runoff and soil loss increased with increased grazing. McCalla’s study included three
categories of grazing from overgrazed to lightly grazed paddocks. McCalla concluded
that the infiltration rates of the overgrazed pasture were significantly lower than the
moderately and lightly grazed paddock with an average of 40% greater infiltration rates
in the mid-grass landscape compared to short grass landscapes.
A similar study conducted by Weltz and Wood (1986) measured TSS after a
storm event. Results revealed that increasing stocking rates, thus intensifying grazing,
significantly increased sediment concentration. Additionally, Trimble and Mendel’s
(1995) review found that grazed rangelands in Colorado experienced 30% more runoff
than ungrazed rangeland. This is attributed not only to consumption, but also by
compaction from the exertion of 250 kPa of force from the hind legs of a 530 kg cow
walking on level ground.
Invasive species also effect the sediment yields within streams. According to
DiTomaso (2000) rangelands with an increased presence of non-native species
experienced 56% more runoff and 192% more sediment loss. This was attributed to a
longer active growing season compared to native species which decreased the amount of
soil moisture and nutrients needed by the native species in the following growing season.
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DATA AND METHODOLOGY
Stream Monitoring and Study Location — In the Spring of 2007 the Big Creek Middle
Smoky Hill River Watersheds (BCMSHRW) Watershed Restoration and Protection
Strategies (WRAPS) (Figure 1) implemented a stream monitoring program to identify
subwatersheds that were contributing the most non-point source pollutants to the Smoky
Hill River and ultimately into Kanopolis Reservoir.
Targeted HUC 12s of the
Big Creek Middle Smoky Hill River Watersheds
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Figure 1. An overview of the Big Creek Middle Smoky Hill River Watersheds with the
targeted subwatersheds depicted.
Their methods were a replication of the Nebraska Department of Environmental Quality
Surface Water Quality Monitoring Strategy; which resulted in 29 monitoring locations
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throughout the BCMSHRW. Annually, from April to September, the BCMSHRW
sampled the streams just below the surface at mid-channel approximately every two
weeks and after 0.50 inch of precipitation in urban areas and 1.50 inches in rural areas
(Minson, Leiker, & Barnes, 2008). Samples were then analyzed for Total Suspended
Solids (TSS), Total Nitrogen, Total Phosphorus, and E. coli bacteria. Sampling continues
to date with monitoring sites added and removed to better monitor watershed conditions.
From the stream monitoring dataset dated 19 February 2007 through 1 June 2010,
two subwatersheds on the HUC 12 level were identified as contributing the most
non-point source pollutants, specifically TSS. These subwatersheds were Landon Creek
(median base flow = 17.9 mg/L; mean storm flow = 521.6 mg/L), and the north section of
Oak Creek (mean base flow = 16.2 mg/L; mean storm flow = 650.6 mg/L). The north
section of Buffalo Creek (median base flow = 5.9 mg/L; mean storm flow = 265.0 mg/L)
was selected as the control subwatershed (Figure 1 & 2). The number of storm events
varied for each site with Buffalo Creek having two storm events, Landon Creek having
seven and Oak Creek having four storm events. Base flow central tendency was obtained
from a sample size of 57 for Buffalo Creek, 76 for Landon Creek, and 64 samples for
Oak Creek. As directed by Kansas Department of Environment and Health (KDHE), the
median value was used to obtain the quasi-central tendency for base flow samples and the
mean value was used to obtain the central tendency for storm flow samples (T. Stiles,
personal communication, 18 August 2010). Within Kansas, KDHE determined the total
maximum daily loads (TMDLs) for streams, lakes, and other water bodies and
maintained the 303(d) list of impaired streams. In general the TMDL for TSS for the
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Smoky Hill River and its tributaries was set at 50 mg/L. Additionally, the 2010 303(d)
lists Landon Creek as being impaired for total phosphorous which is carried to the stream
attached to sediment during storm flows (KDHE, 2010).
Base Flow and Storm Flow Total Suspended Solids
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Figure 2. Base flow and storm flow TSS values from the BCMSHRW stream
monitoring program from February 2007 to June 2010.
The north section of Buffalo Creek (HUC 12: 102600060507), located in
Ellsworth County, encompassed an area of 8,123.4 ha with 105.2 km of streams. Landon
Creek (HUC 12: 102600060403) was located in Barton and Russell counties. The
drainage basin area was 14,218.4 ha and 166.0 km of streams. The north section of Oak
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Creek (HUC 12: 102600060602), which was also located in Ellsworth County had an
area of 13,784.7 ha and 103.2 km of streams.
According to data gathered from a stream condition assessment in the summer of
2008, there were differences in the streams where the samples are gathered (Figure 3).
Stream Assessment and Monitoring Sites
Buffalo Creek

Oak Creek

1:1 50,000

Legend
Rive rs & Strea ms

[S

Strea m Monitorin g Site

'f!1

Stre am Assessment Site

Figure 3. BCMSHRW Stream Monitoring sample sites for the targeted HUC 12s
overlaid with the 2008 Stream Assessment sites.
The two target sites had a channel substrate of silt and mud while Buffalo Creek was
gravel. Furthermore, the riparian width varied little from site to site with Oak Creek
having less than 10 feet on both sides and 10-30 feet for the other two sites. All sites had
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tree cover for the riparian zone and a majority had an adjacent land use of pasture or were
enrolled in the Conservation Reserve Program (CRP). Bank stability varied greatly from
site to site with Buffalo Creek stable, Landon Creek moderately unstable, and Oak Creek
unstable. The stability was also reflected in the visible bank erosion with conditions
being random for Buffalo Creek, both banks at Landon Creek, and alternate banks for
Oak Creek. The bank height was three to six feet at all sites except for Landon Creek
where the height was 10-15 feet. Channel depth was less than five feet for all sites with
widths varying from less than 10 feet up to 15 feet (Table 1). Variation of conditions at
the monitoring sites did not affect this study because the sampling techniques used were
designed to minimize the immediate influence of the monitoring site.
Table 1. Stream assessment conditions as of June and July of 2008 at the stream
monitoring sample sites.

Riparian Zone
Right1 Side Width (ft)
Right1 Side Cover
Left1 Side Width (ft)
Left1 Side Cover
Adjacent Land Use
Right1 Side Cover
Left1 Side Cover
Bank Condition
Bank Stability2
Bank Height (ft)
Visible Bank Erosion
Bank Vegetation

Buffalo Creek

Landon Creek

Oak Creek

10-30
Trees

10-30
Trees

< 10
Trees

10-30
Trees

10-30
Trees

< 10
Trees

Pasture
Pasture

Pasture
Pasture

CRP
CRP

Stable
3-6
Random
Well
Established

Moderately Unstable
Unstable
15 +
3-6
Both Banks
Alternate Banks
Partially
Overhanging
Established
Only
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Channel Condition
Channel Form
Channel Depth (ft)
Channel Width (ft)
Channel Vegetation
1
2

Meandering
1-3
< 10
None

Meandering
3-5
10-15
None

Meandering
1-3
10-15
None

When looking down stream at the site
Based on visible erosion and established vegetation

Field Condition Assessment — A driving transect was completed to obtain current
conditions and practices of land cover, visible erosion, rangeland and pasture condition,
tillage method, height of terraces, and practices implemented within the HUCs. This data
was collected with the Western Kansas Cropland Assessment Tool (WKCAT). WKCAT
was built within ArcView 3.3 GIS environment using avenue script. WKCAT was
developed for the 2010 Growing Season Tillage Survey for the State of Kansas under the
direction of Dr. DeAnn Presly, Extension Specialist and Assistant Professor, Department
of Agronomy, Kansas State University. Additional information not needed for the tillage
assessment, such as terrace condition, practices, erosion, and the condition of rangeland
and pasture were added at the request of Stacie Minson, Watershed Specialist, and James
Leiker, Watershed Technician, of the BCMSHRW WRAPS. This assessment used the
FSA Common Land Units (CLUs) to attribute these factors to each field spatially.
Procedures for the driving transect followed those of the Cropland Roadside
Transect Survey, which was initiated in 1982 by the Conservation Technology
Information Center (CTIC) (Hill, 1996). According to the 1996 and 2009 procedure
manuals, transects should be established so that a minimum of 460 cropland fields are
assessed within each county. Using multinomial population distribution, when 460 fields
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are assessed the dataset will have a confidence interval of p = 0.90 ± 0.05 (Hill, 1996;
CTIC, 2009). For this study, a route was developed for each subwatershed to travel at
least one-half of the traversing roads, by which every field visible was assessed
(Figure 4). This resulted in assessing 58.3% of hectares in Buffalo Creek, 57.5% hectares
in Landon Creek, and 56.4% of hectares in Oak Creek. If the producer divided a field
since the creation of the CLUs then the majority condition of that field was assessed.
Watershed Condition Survey: Route and Tillage Method
Buffalo Creek

Oak Creek

1:150,

1:150,000

Legend
TILLAGE

D

No Till: Continuous No Till

-

Minimal Till

- - Roads

-

Conventional Till

- - Targ et Route

Figure 4. Transect survey route for each of the subwatersheds with an overlay of the
tillage methods results.
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As the University of Nebraska-Lincoln Extension reported, best management
practices (BMPs) such as conservation tillage, terraces, and grass waterways reduce soil
erosion by dissipating precipitation impact, breaking slope lengths, and providing a
controlled release of runoff (Dickey et al., 1982). Therefore, the tillage method,
condition of the terraces, and the presence of grass waterways were used in this study to
determine if there was a statistical difference in the use of these practices between the
HUCs. Additionally, land cover, visible erosion, and condition of rangeland and pasture
were also analyzed.
In order to statistically test whether there were any differences between Buffalo
Creek and the other subwatersheds, a chi-square test was performed on the
aforementioned variables. The null hypothesis was that the observed distribution, the
targeted HUCs, and the expected distribution, Buffalo Creek, were equal and the
alternative hypothesis was that the distributions were not equal. When the null
hypothesis was rejected and the alternative hypothesis was accepted, a two-sample
difference of proportions test was used with a confidence interval of 95% (α = 0.05) to
compare the selected variable of the target HUC to that of Buffalo Creek. The null
hypothesis for this second test was that the two were equal and the alternative hypothesis
was that Buffalo Creek had a statistically greater amount of the desirable attribute.
Additionally, the distance to nearest stream analysis was performed with the observed
erosion and tillage data, the two sediment contributing attributes. The distance to nearest
stream analysis identified if there was an influence from fields near the streams with
respect to visible erosion and conventional tilled fields.
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Urban Factors — As described in Ahearn et al. (2005), population density has similar
effects on TSS as the percentage of agricultural land. Thus, for this study the population
density was calculated using the Census data from 2000, which was the most recent
dataset at the census block level. The population density was then tested with the twosample means test to identify if a statistical difference existed between Buffalo Creek and
the targeted HUCs.
Additionally, the quantity of impervious surface was calculated. This was
completed by obtaining the National Agricultural Statistics Service 2009 Kansas
Cropland dataset. The dataset was reclassified with Spatial Analyst as either pervious,
impervious, or water surface. Calculations were then processed to obtain the area percent
of pervious and impervious land surfaces.
All urban factors were tested to determine if there was a statistical difference
between the target HUCs and Buffalo Creek. The two-sample difference of proportions
test was used with a confidence interval of 95% (α = 0.05). The null hypothesis was that
Buffalo Creek and the tested HUCs were statistically equal and the alternative hypothesis
was that Buffalo Creek had a statistically greater percent of pervious surface and a
statistically lower population density.
Topography — A 10 meter resolution National Elevation Dataset (NED) was obtained
from the USDA Geospatial Gateway. The individual raster datasets were mosaiced using
the image processing software ENVI, saved, and imported into ArcGIS. The Spatial
Analyst extension was used to calculate the slope and then the slope was averaged by
each HUC. The mean slopes were then compared to Buffalo Creek using the
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two-sample difference of means test with a confidence interval of 95% (α = 0.05) in order
to determine if there was a statistical difference. As in all of the statistical tests, the null
hypothesis was that the HUCs were equal and the alternative hypothesis was that Buffalo
Creek had a statistically smaller mean slope.
Soils — The soils of the two target subwatersheds were compared to Buffalo Creek
subwatershed by the mean soil erosion factor, k-factor. The k-factor is commonly used in
the Universal Soil Loss Equation (USLE) and other erosion models to give a numerical
value to soil properties. A k-factor of 0.05 represents sandy soils which do not have a
tendency to erode due to their high infiltration rates. Conversely a k-factor of 0.65,
which represents soils with high silt content and are prone to constant erosion (Weesies,
Kuenstler, Wendt, & Foster, 1998). These k-factors were obtained from the Soil Survey
Geography Database developed by the Nation Cooperative Soil Survey of the NRCS.
The NRCS also classified the soil into three categories: highly erodible land, potentially
highly erodible land, and not highly erodible land. The percent of area was calculated for
the highly erodible land categories in all three HUC 12s.
Lastly, the mean permeability of the soil types was averaged over each of the
subwatersheds. The mean soil permeability was collected by the U.S. Geological Survey
(USGS) and then attributed to each of the soil types in the dataset. For all soil analysis
the two-sample difference of proportions/means test with a confidence interval of 95%
(α = 0.05) was used with the same null and alternative hypotheses as the other attributes.
Precipitation — Precipitation data from the Community Collaborative Rain, Hail &
Snow Network (CoCoRaHS) was used for this study. As of February 2010, there were
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73 active precipitation gauges within and surrounding the BCMSHRW tied to the
watershed project (J. Leiker, personal communication, 15 February 2010). The gauge
data was imported into ArcGIS and interpolated by means of the Inverse Distance
Weighted (IDW) method in the Spatial Analyst extension. The interpolation was
completed in order to aggregate precipitation totals on a monthly basis from April 2008
to November 2008, which encompassed all of the storm flow measurements in the stream
monitoring dataset. The monthly data was then used to calculate the total precipitation
for the duration of the study. The precipitation factor also used the two-sample
difference of means test with the same criteria as all the other variables.
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RESULTS
Field Condition Assessment — The driving transects were driven November 2nd
through December 31st, 2009 and then again May 24th through the June 2nd, 2010.
Land Cover — Due to the diversity of crops, the land cover data was grouped into two
categories: cropland and grassland. Grassland included alfalfa, CRP, pasture, and
rangeland. Cropland included all other crops including fallow fields (Table 2). The
results of the chi-square test revealed that Landon Creek (p = 0.99) and Oak Creek
(p = 0.89) statistically had the same proportions of cropland to grassland when compared
to Buffalo Creek, the control. Therefore, the null hypothesis that Buffalo Creek land
cover was equal to Landon and Oak Creek was valid and was not rejected.
Further statistical analysis was completed on the amount of fallow hectares that
were within the HUCs. The two-sample difference of proportions test revealed that
Landon Creek contained proportionally more fallow hectares than Buffalo Creek
(t = -15.6). Therefore, the null hypothesis that Buffalo and Landon Creek had equal
fallow hectares was rejected and the alternative hypothesis that Buffalo Creek had fewer
fallow hectares was accepted. Within Landon Creek, 3,062.6 ha or 28.4% of all assessed
hectares were fallow for the 2010 Watershed Conditions Survey. Buffalo Creek HUC
contained 935.7 ha of fallow ground or 17.2% of all assessed hectares.
Conversely, Oak Creek statistically had an equal amount of fallow hectares;
therefore the null hypothesis that Oak Creek and Buffalo Creek were statistically equal
could not be rejected (t = 1.16). Within Oak Creek at the time of the assessment 785.9 ha
were fallow which represents 16.4% of the assessed hectares.
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Table 2. 2010 Watershed Condition Survey: Land cover classification summary with
number and percentage of hectares.
Buffalo Creek
3,422.9
62.9%

Landon Creek
6,881.9
63.9%

Oak Creek
2,958.8
61.6%

Corn

58.0
1.1%

31.3
0.3%

246.6
5.1%

Fallow

935.7
17.2%

3,062.6
28.4%‡

785.9
16.4%

Milo

298.7
5.5%

475.3
4.4%

94.3
2.0%

Soy Bean

100.6
1.9%

201.3
1.9%

265.6
5.5%

Sudan Grass

71.3
1.3%

67.5
0.6%

25.9
0.5%

1,958.7
36.0%

3,043.8
28.2%

1,540.6
32.1%

2,016.6
37.1%

3,894.9
36.1%

1,848.1
38.5%

Alfalfa

17.3
0.3%

38.8
0.4%

29.4
0.6%

CRP

82.9
1.5%

440.6
4.1%

247.2
5.1%

Pasture

537.2
9.9%

1,788.7
16.6%

304.0
6.3%

Rangeland

1,379.1
25.4%

1,626.8
15.1%

1,267.4
26.4%

TOTAL HECTARES

5,439.4

10,776.7

4,806.9

CROPLAND

Wheat
GRASSLAND

‡

Statistically different from Buffalo Creek (α = 0.05)
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Tillage Method — A chi-square test was preformed where both Landon and Oak Creek
proved to be dissimilar to Buffalo Creek (p = 0.00). The results of the two-sample
difference of proportions test revealed that Landon Creek had significantly fewer hectares
(Table 3) of no-till tillage (t = 5.70) and significantly more hectares of minimum till
tillage (t = -8.20) than Buffalo Creek. As for conventional till tillage hectares, the two
HUCs were statistically equal (t = 0.40). The alternative hypothesis that Buffalo Creek,
control HUC, contained a greater amount of no-till was accepted and the null hypothesis
was rejected.
When comparing Oak Creek to Buffalo Creek, no-till hectares (t = -10.35) and
minimal till hectares (t = -9.46) were significantly greater in Oak Creek. Additionally,
Oak Creek contained a significantly lesser amount of hectares tilled in the conventional
method (t = 15.57). Thus, the null and alternative hypothesis had to be rejected and a
new alternative hypothesis that Oak Creek contained the most desired distribution of
tillage practices out of the two subwatersheds was accepted.
Table 3. 2010 Watershed Condition Survey: Tillage method summary with total assessed
and percentage of hectares.
Buffalo Creek

Landon Creek

Oak Creek

No-Till
(Greater than 30% Residue)

832.9
24.4%

1,467.1
21.3%‡

923.9
31.9%‡

Minimum Till
(15-30% Residue)

297.1
8.7%

837.0
12.1%‡

389.8
13.4%‡

Conventional Till
(Less than 15% Residue)

2,280.1
66.9%

4,596.6
66.6%

1,584.5
54.7%‡

Total Tillage Hectares

3,410.1

6,900.7

2,898.3

‡

Statistically different from Buffalo Creek (α = 0.05)
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Analysis of the nearest distance to a stream from conventional till CLUs revealed
that the mean distance for Buffalo Creek was 184.2 m. When comparing this distance to
the mean distance in Landon Creek, which was 140.1 m, there was no statistical
difference (t = 1.36). However, the mean distance of the conventional till CLUs in Oak
Creek was 98.3 m which was significantly different (t = 2.90). No other tillage methods
were significantly different in their proximity to the stream segments.
A histogram (Figure 5) of the distances to a stream revealed that Oak Creek
contained a statistically greater proportion of CLUs utilizing conventional tillage located
along the stream channel than Buffalo Creek (t = -2.78). No other method of tillage was
significantly different in Oak or Landon Creek. Therefore, the null hypothesis for
Landon Creek was accepted and the alternative hypothesis was accepted for Oak Creek.
Distance to Nearest Stream from Conventional Till CLUs

50.0%
45.0%

Percent of Conventional Till Fields

40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%
5.0%
Oak

0.0%
0.00

Landon
0.1 - 300

300.1 - 600
Meters

600.1 - 900

Buffalo
900.1 - 1200

1200.1 - 1500

Figure 5. Histogram of the distance to nearest stream from conventional till CLUs.
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Rangeland Condition — When analyzing rangeland condition hectares within each
subwatershed it became apparent that Landon Creek statistically had substandard
rangeland quality (Table 4). The proportions of rangeland classified as good was
significantly lower in Landon Creek than in Buffalo Creek (t = 14.25). The remainder of
the rangeland was split between the average condition (t = -7.49) and poor condition
(t = -3.30); both of which were statistically greater proportions than Buffalo Creek.
Based upon the distribution of the hectares, the alternative hypothesis that Buffalo Creek
contained a more desired distribution of rangeland conditions was accepted.
Rangeland conditions within Oak Creek were more desired than that of Buffalo
Creek. Proportionally, Oak Creek contained more hectares classified as good (t = -9.83)
and average (t = 9.78) rangeland than Buffalo Creek. The amount of poor rangeland in
Oak Creek was statistically equal to Buffalo Creek (t = 0.93). The null and alternative
hypotheses were rejected and a new alternative hypothesis that Oak Creek contained a
more desired distribution among the categories of rangeland conditions was accepted.
Table 4. 2010 Watershed Condition Survey: Rangeland condition summary with total
assessed and percentage of hectares.
Buffalo Creek

Landon Creek

Oak Creek

Good

483.8
25.3%

146.6
7.9%‡

643.2
40.9%‡

Average

799.0
41.7%

998.8
53.9%‡

431.4
27.5%‡

Poor

633.6
33.1%

708.9
38.2%‡

496.9
31.6%

Total Rangeland Hectares

1,916.4

1,854.3

1,571.5

‡

Statistically different from Buffalo Creek (α = 0.05)
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Grass Waterways — When looking at the presence of grass waterways the two-sample
difference of proportions test revealed that Landon Creek statistically had the same
proportion of grass waterways, 36.6% of cropland fields (Table 5), as did Buffalo Creek,
38.0% of cropland fields (t = 0.28). However, Oak Creek with 25.4% of cropland fields
having grass waterways had a lower proportion when compared to Buffalo Creek, the
control subwatershed (t = 2.26). Therefore the null hypothesis, the two subwatersheds
were statistically equal, was accepted for Landon Creek. As for Oak Creek the
alternative hypothesis, that Buffalo Creek contained a greater proportion of grass
waterways was accepted.
Table 5. 2010 Watershed Condition Survey: Presence of a grass waterway summary
with number of fields and percentage of assessed cropland fields.
Buffalo Creek

Landon Creek

Oak Creek

Number of Fields with
Grass Waterways

59

85

32

Total Assessed

155

232

126

38.0%

36.6%

25.4%‡

Percent of Fields with
Grass Waterways
‡

Statistically different from Buffalo Creek (α = 0.05)

Terrace Height — Analysis with a chi-square test revealed that the target HUCs were
dissimilar (p = 0.00). The two-sample difference of proportions test revealed that Landon
Creek contained a greater proportion of fields (Table 6) without terraces (t = -3.00). The
number of fields with terraces less than 6 inches (t = -0.46) and greater than 12 inches
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were statistically equal to Buffalo Creek (t = -0.74). Terraces with a height of 6 to 12
inches were proportionately fewer in Landon Creek (t = 3.78). When comparing the
classifications that were not statistically equal, the alternative hypothesis that Buffalo
Creek contains more desirable terraces was accepted.
For Oak Creek the proportion of fields with terrace heights greater than 12 inches
was greater than Buffalo Creek (t = -2.89). The number of fields with no terraces
(t = 2.92) and fields with terrace heights of 6 to 12 inches (t = 2.69) were both
statistically lower. Like Landon Creek, the number of fields with terraces less than 6
inches was statistically equal (t = 1.22). Both the null and alternative hypotheses were
rejected and the new hypothesis that Oak Creek contained more desirable terraces was
accepted.

Table 6. 2010 Watershed Condition Survey: Terrace height summary with number of
fields and percentage of assessed cropland fields.
Buffalo Creek

Landon Creek

Oak Creek

Greater than 12 in

5
3.2%

11
4.7%

20
11.6%‡

6 in to 12 in

72
45.6%

64
27.1%‡

54
31.2%‡

Less than 6 in

17
10.6%

29
12.3%

12
6.9%

None

64
40.5%

132
55.9%‡

44
25.4%‡

158

236

173

Total Fields with Terraces
‡

Statistically different from Buffalo Creek (α = 0.05)
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Visible Erosion — Results of the chi-square test comparing visible erosion showed that
the control HUC, Buffalo Creek, distribution did not match Landon Creek or Oak Creek.
The two-sample difference of proportions test revealed that both Landon (t = -5.66) and
Oak Creek (t = -2.95) had statistically more fields that exhibited erosion than Buffalo
Creek (Table 7). In Landon Creek, the increase was significant for the proportion of
ephemeral gullies (t = -4.22) and sheet and rill erosion (t = -3.17). Classic gullies and
soil deposition (t = -1.10; t = -0.24) were statistically equal to Buffalo Creek. Thus, the
alternative hypothesis that Buffalo Creek had fewer signs of visible erosion was accepted.
In Oak Creek all categories were statistically equal with a maximum t-value of
-1.40, except for sheet and rill erosion. Fields with sheet and rill erosion were
statistically greater in Oak Creek (t = -2.92), thus the alternative hypothesis was accepted.
Table 7. 2010 Watershed Condition Survey: Visible erosion type summary with
number of fields and percentage of assessed cropland fields.
Buffalo Creek

Landon Creek

Oak Creek

Classic Gully

2
1.29%

7
3.02%

2
1.59%

Ephemeral Gully

9
5.81%

50
21.55%‡

13
10.32%

Sheet & Rill

1
0.65%

18
7.76%‡

9
7.14%‡

Soil Deposition

1
0.65%

2
0.86%

2
1.59%

Fields With Visible Erosion

13
8.39%

77
33.19%‡

26
20.63%‡

155

232

126

Total Cropland Fields Assessed
‡

Statistically different from Buffalo Creek (α = 0.05)
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When analyzing the distance to the nearest stream from CLUs that exhibited
visible erosion, it was found that the mean distance for Buffalo Creek was 223.3 m.
Although the mean distance was 86.8 m for Landon Creek (t = 1.77) and 79.7 m for Oak
Creek (t = 1.76), neither were statistically different from Buffalo Creek. Likewise, no
statistical difference was visible between the distance of fields that did not exhibit erosion
in Landon Creek (t = 1.16) nor Oak Creek (t = 1.64). Additional analysis was performed
by creating a histogram (Figure 6) and calculating the statistical difference between the
bins. No bin was statistically different from Buffalo Creek. All t-values were between
±1.78. Therefore, no HUC possessed greater TSS values due to the distance of visible
erosion to the nearest stream. The null hypothesis was accepted.
Distance to Nearest Stream from Erosion CLU
60.0%

Percent of Erosion Fields

50.0%

40.0%

30.0%

20.0%

10.0%

Oak

0.0%
0.00

Landon
0.1 - 200

200.1 - 400
Meters

400.1 - 600

Buffalo
600.1 - 800

800.1 - 1000

Figure 6. Histogram of the distance to nearest stream segment from CLUs that contained
visible erosion during the watershed condition survey.
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Urban Factors — According to the 2000 Census at the census block level, both Landon
Creek (t = -3.67) and Oak Creek (t = -10.80) had a greater population density when
compared to Buffalo Creek (Figure 7). Thus the alternative hypothesis that Buffalo
Creek contained a lower population density than Landon and Oak Creek was accepted.
The amount of impervious surfaces within Buffalo Creek was 649.2 ha or 8.0% of
the subwatershed. Statistically both Landon Creek with 1,228.1 ha, 9.4%, of impervious
surfaces (t = -3.57), and Oak Creek with 984.1 ha, 12.6%, of impervious surfaces
(t = -9.6), contained a greater proportion. Thus, the alternative hypothesis that Buffalo
Creek contained the least amount of impervious surfaces was accepted.
Population Density of the Subwatersheds - Census 2000
Buffalo Creek

Oak Creek

1:1 50 ,000

1:1 50,000

1:1 50,000

Legend
Population Den sity
(People per Hectare)

c::::J o.o
•

Population Density (people per hectare)

Mean Pop .
Density

0.1-1.0

.

1.1-3.5

.

3.6 +

Buffalo Cre ek
Landon Creek
Oak Creek

0.01
0.36
5.69

Min. Pop.
Density

0.00
0.00
0.00

Max. Pop.
Density

0.05
5.86
27.81

Figure 7. Population density, persons per hectare, calculated from the 2000 census.
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Topography —The lowest elevation within the three HUCs at 458.0 meters above mean
sea level was in Oak Creek while the highest elevation point of 616.4 meters above mean
sea level resided in Landon Creek (Figure 8). The mean slope, in degrees, of each HUC
was calculated. Buffalo Creek had a mean slope of 2.02º which was statistically greater
than Landon Creek with a mean slope of 1.51º (t = 152.0). Oak Creek with a mean slope
of 2.38º (t = -164.5) was statistically smaller than Buffalo Creek. An new alternative
hypothesis that Landon Creek contained the lowest mean slope was accepted.
Topography of the Subwatersheds
Buffalo Creek

Miles

Oak Creek

1:150,000

1:1 50,

Legend

Summary of Topology

Elevation (meters)
616.4

458 .0

Buffal o Cree k
Landon Creek
Oak Creek

Minimum
Elevation
(meters)

Maximum
Elevation
(meters)

Mean
Slope
(deg.)

466 .0
515.1
4580

552 .0
616.4
556 .0

2.02
1.51
2 38

Figure 8. The color gradient displays the elevation of the subwatersheds. The mean
slope of each HUC 12 is reported in the table with the units of degrees.
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Soils — Statistical analysis of the erosive index for soil, k-factor, indicated that Buffalo
Creek had a statistically lower mean erosive index (Table 8) than Oak Creek (t = -12.12).
Landon Creek had a significantly lower erosive index than Buffalo Creek (t = 32.08).
Both hypotheses were rejected and a new hypothesis, that the mean k-factor of Landon
Creek was the most desired, the lowest, of the three HUCs, was accepted.
Similarly, when comparing the mean soil permeability of the three subwatersheds
(Table 8), Buffalo Creek had a significantly lower average than Oak Creek (t = -2.98) and
a significantly high average than Landon Creek (t = 11.01). Both the null and alternative
hypotheses were rejected and a new hypothesis that the mean soil permeability of Oak
Creek was the most desired was accepted.
The NRCS classification for soil erodibility due to water was analyzed based on
the percent of total hectares within each HUC. Of the area within Buffalo Creek, 5.4%
was classified as Highly Erodible Land (Table 8). The two-sample difference of
proportions test revealed that both Landon Creek (t = -5.73) and Oak Creek (t = -8.41)
contained statistically greater proportions of Highly Erodible Land. Thus the null
hypothesis was accepted.
Table 8. Soils summary of the subwatersheds.
Buffalo Creek

Landon Creek

Oak Creek

Mean K-Factor

0.315

0.313‡

0.316‡

Mean Permeability

1.25

1.04‡

1.33‡

Percent Hectares of
Highly Erodible Land

5.4%

7.4%‡

8.8%‡

‡

Statistically different from Buffalo Creek (α = 0.05)
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Precipitation — Analysis of the total precipitation from April 2008 through November
2008 of the HUCs revealed that Landon Creek and Oak Creek were statistically different
when compared to Buffalo Creek. The null hypothesis that the HUCs have statistically
equal precipitation was rejected and the alternative hypothesis that they were statistically
different was accepted. Landon Creek statistically received greater amounts (t = -1,651)
of precipitation than Buffalo Creek during the study period (Figure 9). Landon Creek
also had the largest precipitation range of 11.21 cm variation within the HUC. During
the same time Oak Creek statistically received a lesser amount of precipitation from
Buffalo Creek (t = 122.4).
Precipitation of the Subwatersheds - April through November 2008
Buffalo Creek

""'

Oak Creek

U GO,

1:1~.000

Legend
•

CoCoRaHS & USGS Gauges

Precipitation (centimeters)

Pre1:ipitalion Apr il through November 2008 (cen ti meters)

97.97
54.31

Buff11lo Crttt!k
l andoo Creek

Oak Creek

Minimum
Minimum
Precipit ation
Precipitation Precipi tation
Range
75 .26
86,78

71 .82

79 .46
97 ,9 7

78.00

4 .20

11.20
6. 18

Mean

Precipila tion
76.94
9 1.3 1

76.42

Figure 9. Mean precipitation from April through November 2008.
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CONCLUSION AND DISCUSSION
Based upon storm event TSS concentrations from the stream monitoring program,
Buffalo Creek as the control HUC had the lowest mean values followed by Landon Creek
and Oak Creek. Precipitation records revealed that Landon Creek received the most
precipitation in 2008 followed by Buffalo Creek and Oak Creek. Further analysis of
ranking attributes based upon their statistical significance to Buffalo Creek was
completed. The rankings were in the order of most desired, receiving a value of one, to
the least desired, receiving a value of three (Table 9). The mean rank of Buffalo Creek
was 1.6 which was significantly lower (t = -2.51; df = 14) than Oak Creek (mean rank
2.2). However, Oak Creek was statistically equal to Landon Creek (t = -0.11) with a
mean rank of 2.2. Therefore the null hypothesis that Buffalo Creek contained the most
desired erosion preventing attributes of the three subwatersheds was accepted.
Primary determining factors were defined as those where Buffalo Creek was the
most desired. These factors were an increase in the number of fields with visible erosion,
increase in population density, an increased amount of impervious surface, and a greater
proportional area of highly erodible soils. Secondary factors, those where Buffalo Creek
was both equal to and more desired than another HUC, were the amount of fallow
hectares, distance of conventional tilled fields from streams, and the number of grass
waterways. Tertiary factors, attributes in which Buffalo Creek was ranked between
Landon and Oak Creek, included tillage method, rangeland condition, height of terraces,
mean soil k-factor, a higher mean slope, and soil permeability. Factors that did not affect
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TSS values in this study were the ratio of cropland to grassland and erosion distance from
the nearest stream.
Table 9. Statistical rankings of the attributes ranked upon most (1) to least (3) desired
and the mean rank of each subwatershed.
Buffalo Creek

Landon Creek

Oak Creek

2

2

2

Fallow Hectares

1.5

3

1.5

Tillage Method

2

3

1

1.5

1.5

3

2

3

1

Grass Waterways

1.5

1.5

3

Height of Terraces

2

3

1

Visible Erosion

1

3

2

Erosion Distance From Stream

2

2

2

Population Density

1

2

3

Impervious Surface

1

2

3

Topography

2

1

3

Soil K-Factor

2

1

3

Soil Permeability

2

3

1

Highly Erodible Land

1

2

3

Sum of Ranks

24.5

33.0

32.5

Average Ranks

1.6

2.2

2.2

Land Cover

Tillage Distance From Stream
Rangeland Condition
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It is not to say that secondary and tertiary factors identified in this study should be
dismissed as an influence on TSS. An examination of the factors revealed that most of
the primary factors effecting TSS values were predetermined. A factor such as greater
proportional area of highly erodible soils require the enforcement of secondary and
tertiary factors such as conversion to no till operation or the construction of terraces and
other sediment reducing BMPs. Additionally, it is unrealistic to expect one to promote
the depopulation of an area for the purpose of reducing TSS values. However, it is
reasonable and responsible for one to promote the use of urban BMPs to control storm
water as this study proved that the amount of impervious surface is a primary factor in
sediment loads.
Error factors in this study included low temporal resolution on some datasets.
The oldest data was the census 2000 data used in calculating the population density of the
subwatersheds. All other datasets, except soil properties, were created within the past
two years from either field collection or remote sensing. The date of the soil properties
datasets did not affect the error of this study due to the temporal homogeneity of soils. It
also must be noted that the subwatersheds themselves did not prove to be statistically
different from each other on the mean storm TSS values. This did not affect this study
because Buffalo Creek is still considered to be the least impaired HUC by the
BCMSHRW with a relatively low storm flow mean TSS value of 265.0 mg/L. As such,
continuous monitoring has since ceased at this location.
In order to further investigate the differences between these subwatersheds,
corrective actions should be taken to mitigate the primary and secondary factors leading
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to an increase in TSS. After these corrective actions have been established then this
study should be repeated in order to identify if the attributes are still ranked as primary
and secondary contributors or if their rankings have decreased. Additionally, effects of
the corrective actions should be visible in the stream monitoring program of the
watershed. Furthermore, additional attributes such as precipitation intensity, chemical
application practices, and more descriptive demographics such as the mean age of the
residents could be incorporated into the study. Utilizing this study and its approach will
aid in the overall goal of restoring and protecting our waters for future generations.
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